We present multi-wavelength global star formation rate (SFR) estimates for 326 galaxies from the Star Formation Reference Survey (SFRS) in order to determine the mutual scatter and range of validity of different indicators. The widely used empirical SFR recipes based on 1.4 GHz continuum, 8.0 µm polycyclic aromatic hydrocarbons (PAH), and a combination of far-infrared (FIR) plus ultraviolet (UV) emission are mutually consistent with scatter of 0.3 dex. The scatter is even smaller, 0.24 dex, in the intermediate luminosity range 9.3 < log(L 60 µm /L ⊙ ) < 10.7. The data prefer a nonlinear relation between 1.4 GHz luminosity and other SFR measures. PAH luminosity underestimates SFR for galaxies with strong UV emission. A bolometric extinction correction to far-ultraviolet luminosity yields SFR within 0.2 dex of the total SFR estimate, but extinction corrections based on UV spectral slope or nuclear Balmer decrement give SFRs that may differ from the total SFR by up to 2 dex. However, for the minority of galaxies with UV luminosity >5 × 10 9 L ⊙ or with implied far-UV extinction <1 mag, the UV spectral slope gives extinction corrections with 0.22 dex uncertainty.
INTRODUCTION
Star formation is critical for galaxy evolution. Stars have created almost all the elements heavier than helium in the Universe and play a key role in recycling dust and metals in galaxies. Hence the rate at which a galaxy forms stars is one of the most important drivers of its evolution. Understanding global trends in star formation rate (SFR henceforth) among different galaxy populations is required for interpreting the 'Hubble sequence,' which is a representation of not just the evolutionary trend in galaxy morphology but also gas content, mass, bars, dynamical structure, and environment, all of which influence the SFR (Kennicutt 1998 , and references therein). SFR measurements and the star forma-⋆ E-mail: smritimahajan@iisermohali.ac.in tion rate density are therefore essential for constraining the models of structure formation in the Universe. However, until a few years ago, accurate measurements of SFR even in nearby galaxies were difficult owing to lack of knowledge of the effect of dust on different SFR tracers.
In addition to the standard optical spectral lines (e.g., Hα, [O ii]), the indicators most commonly used to quantify star formation in a galaxy are the global radio continuum, mid-and far-infrared (MIR and FIR), and ultraviolet (UV) emission. Different wavelengths trace stellar populations at different stages of evolution as well as different galaxy components. For instance, stars more massive than ∼8 M⊙ produce the core-collapse supernovae whose remnants (SNRs) accelerate relativistic electrons, which have lifetimes 100 Myr (Condon 1992) . The resulting nonthermal radio synchrotron emission, which dominates a galaxy's radio luminosity at low frequencies ( 5 GHz), is therefore a measure of past formation of massive stars. Thermal radio emission, which dominates at high radio frequencies ( 10 GHz; e.g., Klein & Emerson 1981; Gioia et al. 1982; Tabatabaei et al. 2017 ) is a measure of current production of ionizing photons. The massive stars producing such photons have lifetimes of order 10 Myr, and high-frequency radio observations thus probe very recent SFR in starforming and normal galaxies.
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UV light is emitted predominantly by stars younger than around 200 Myr and is therefore a good measure of SFR over time-scales of tens of Myr. But the interpretation of this indicator is hampered by the presence of dust clouds enshrouding young star-forming regions. Dust absorbs UV photons and reemits their energy at FIR wavelengths, making FIR luminosity a more reliable SFR indicator. For most star-forming galaxies, a combination of UV and FIR luminosity accounts for a major fraction of the galaxy's bolometric luminosity.
Generally the FIR emission from any galaxy has at least two components, one originating from the interstellar dust heated by the diffuse radiation field and a second contribution from star formation activity in and near the H ii regions (Soifer et al. 1987, and references therein) . If the second component can be measured, its FIR luminosity can be converted to an SFR measure.
Numerous attempts have been made to utilize the FIR-UV energy budget to quantify dust attenuation in various samples of galaxies selected at different wavelengths (e.g., Xu & Buat 1995; Meurer et al. 1999; Buat et al. 2002 Buat et al. , 2005 Cortese et al. 2006; da Cunha et al. 2010) . One approach is to use the FIR/UV flux ratio (or the infrared excess IRX 2 as it is more popularly known, e.g., Meurer et al. 1999; Kong et al. 2004; Seibert et al. 2005 ). An alternative is to use reddening inferred from the Balmer decrement (e.g., Buat et al. 2002; Gilbank et al. 2010) or from UV colour (e.g., Meurer et al. 1999; Lee et al. 2009; Gilbank et al. 2010 ). The reddening measure is then combined with an assumed extinction curve to yield extinction at UV wavelengths. The problem is understanding both random and systematic errors for the derived extinction values for different galaxy populations.
In order to understand the relation between indicators of star formation and dust extinction, the different SFR and extinction indicators need to be quantified and compared for a statistical sample of galaxies covering a wide range in physical and intrinsic properties and having known biases. This idea motivated the Star Formation Reference Survey (SFRS; Ashby et al. 2011, Paper I henceforth) . Which SFR indicators can be used to estimate the global SFR of a galaxy? When are multi-wavelength data required? How closely does any single SFR indicator measure a galaxy's 'total' SFR? Is the relation between individual SFR indicators universal for all types of star-forming galaxies? What are the advantages and disadvantages of different extinction indicators?
The primary purpose of this work is to present GALEX ultraviolet photometry for SFRS galaxies. By combining GALEX photometry with photometry at other wavelengths, we test and mutually calibrate widely used empirical formulas to calculate global SFRs for galaxies using tracers spanning all available wavelengths. In choosing among the many calibrations available in the literature, we have preferred those that give mutually consistent results. The wide ranges of morphologies, luminosities, sizes, SFRs, and stellar masses spanned by the SFRS galaxies, together with the sample's well-defined selection criteria, makes it an ideal sample to quantify the relation between different SFR measures in nearby galaxies and hence a benchmark for comparing the SFR measures of high redshift galaxies. Studies such as this one have been performed elsewhere (e.g., Hopkins et al. 2001; Bell 2003; Schmitt et al. 2006; Johnson et al. 2007; Zhu et al. 2008; Davies et al. 2016; Wang et al. 2016 ) but on samples often small or chosen without well-defined criteria or with narrow sample boundaries, where systematic deviations from the underlying correlations cannot be well explored. A recent study by Brown et al. (2017) used GALEX photometry as a SFR tracer, but their sample was restricted to galaxies with strong emission lines, and they did not use FIR at all. This paper is organized as follows. §2 describes the datasets used in this paper, and §3 describes and compares the star formation tracers. §4 investigates extinction indicators and whether they can give useful measures of SFR. These are followed by a discussion of our findings in the context of the existing literature in §5, followed by a summary of our results in §6. Throughout this paper, star formation rates are based on a Salpeter IMF in the range 0.1-100 M⊙.
THE DATA

Sample selection
The SFRS (Paper I) is a statistically robust, representative sample of 367 star-forming galaxies in the local Universe. The sample selection criteria were defined objectively to guarantee that the SFRS has known biases and selection weights, making it possible to relate conclusions from the SFRS to magnitude-limited or volume-limited FIR-selected samples. Moreover, the SFRS spans the full ranges of properties exhibited by FIR-selected star-forming galaxies in the nearby Universe. While much larger galaxy samples exist, for huge samples it is difficult to obtain the complete data sets needed to explore multi-wavelength correlations. The SFRS is therefore an ideal tool for understanding the global properties of nearby (z 0.1) star-forming galaxies.
The SFRS was drawn from the PSCz catalog (Saunders et al. 2000) , an all-sky redshift survey of 15,000 galaxies observed by IRAS and brighter than 0.6 Jy at 60 µm. From this was drawn a representative subsample spanning the entire three-dimensional space formed by the 60 µm luminosity L60, flux ratio F60/Ks, and the IRAS flux density ratio F100/F60. L60 is a proxy for the SFR, F60/Ks for specific star formation rate (sSFR), and F100/F60 measures FIR colour temperature (T d ) and thus heating intensity within star formation regions (Paper I). T d increases with increasing far infrared luminosity (Sanders & Mirabel Figure 1 . Six SFRS galaxies showing some of the variety in galaxy properties covered by this sample. colours represent IRAC 8.0 µm (red), 3.6 µm (green), and GALEX FUV (blue). Scale bars in each panel indicate angular sizes, which correspond to linear sizes of 0.72 kpc for NGC 2500, 3.7 kpc for IC 2217, 6.4 kpc for NGC 4837, 9.4 kpc for MCG 6-33-022, 1.25 kpc for NGC 4244, and 2.6 kpc for NGC 3690.
1996), and thus T d may be related to the mode ('normal' or 'starburst' as described for example by Daddi et al. 2010 , Rodighiero et al. 2011 , or Elbaz et al. 2011 ) of star formation. Although the SFRS sample was drawn from FIR observations, it was constructed to include representative numbers of galaxies with L60 10 6.5 L⊙. Full details of the SFRS sample selection including distance estimates are given in Paper I.
3 Figure 1 gives a glimpse of the wide range in galaxy sizes and morphologies covered by the SFRS. Metallicities (expressed as log[O/H] + 12) range from 8.0 to 9.3 as measured by the 'N2' method (Maragkoudakis et al. 2018) .
Because the SFRS sample was constructed to span the known ranges of galaxy SFR, sSFR, and T d , uncommon types of galaxies (including, for example, edge-on galaxies) are over-represented in the sample. Galaxies with AGN are also included in the SFRS. In fact, the quasar 3C 273 and blazar OJ 287 were selected by the SFRS criteria, where each occupies its own unique cell in the selection matrix. Because these objects are dominated by luminous AGNs, they are not relevant to studies of local star formation and are excluded from this paper (decreasing the sample size to 367 galaxies). Other AGNs would not be as easily recognizable absent spectroscopic information. For example, SFRS 263 (=IRAS 13218+0552) is a Type-1 AGN (Maragkoudakis et al. 2018) , and SFRS 270 (=IRAS 13349+2438) is a QSO (e.g., Lee et al. 2013 ). These are retained in our sample and will add to the observed scatter.
Paper I gives weights for SFRS galaxies which, if applied, make the sample proportional to the Saunders et al. (2000) PSCz catalog. However, because the purpose of this paper is to test how well empirical SFR metrics work for all types of star-forming galaxies found in the local Universe, we have not applied these weights for the numerical calculations. This will make the derived scatter larger than would be the case for an unweighted sample, but the scatter will indicate the range that galaxies can occupy.
Ultraviolet data
The ultraviolet images for SFRS galaxies were retrieved from data releases 4/5 and 6 of the Galaxy Evolution EXplorer (GALEX; Martin et al. 2005; Morrissey et al. 2005) . GALEX conducted an all-sky imaging survey along with targeted programs in two photometric bands: 1516Å ('far ultraviolet' or FUV) and 2267Å ('near ultraviolet' or NUV). The bulk of the SFRS sample consists of bright, nearby galaxies, and therefore no exposure time or brightness limit constraints were imposed while looking for a GALEX detection. Almost three quarters of the UV imaging data used in this paper were taken as part of the GALEX's primary All-Sky Imaging Survey (AIS) with an effective exposure time of ∼0.1 ks. Most of the rest of the data come from the Nearby Galaxies Survey (NGS) with an effective exposure time of ∼1.5 ks. The remainder were observed as a part of other GALEX surveys as well as individual guest investigator programs. We imposed no constraint on the location of galaxy in the 1.
• 2 GALEX field of view even though the point spread function varies across GALEX images, thus requiring non-negligible aperture corrections for faint sources detected away from the image centre. Whenever possible, we chose images where the target galaxy was closer to the centre of the field of view. Whenever a galaxy was observed as a part of more than one program, we chose the deepest observations. In total, GALEX imaging data were available for 326/367 (89 per cent) of the sample galaxies in at least one waveband.
4 These 326 galaxies form the sample for this paper. The unobserved galaxies are mostly those near bright, blue stars that precluded GALEX imaging. Because this is a purely local effect, it should not bias our conclusions. Adopted distances and UV photometry for the sample galaxies are given in Table 1 .
Infrared, Radio, and Visible data
The Two Micron All Sky Survey (2MASS), Infrared Astronomical Satellite IRAS, and Spitzer/Infrared Array Camera (IRAC) imaging data are described in Paper I. In this paper we follow Helou et al. (1988) and calculate the FIR flux of galaxies as:
where f60 and f100 are the IRAS 60 and 100 µm flux densities in units of Jy. Equation 1 is based directly on observed flux densities with no extrapolation and represents flux emerging between 42 and 122 µm (Helou et al. 1988 ). The two shortest-wavelength WISE bands are close to Spitzer/IRAC bands, and WISE band 3 is close to IRAS 12 µm, so we expect our results to be directly applicable to SFR measurements from WISE. WISE band 4 is close to Spitzer/MIPS 24 µm, both interesting for SFR measurements but complicated by the presence of AGN. The SFRS will be useful for future investigation of this wavelength. The 1.4 GHz radio data are all from Paper I. For most galaxies the data come from the NVSS (Condon et al. 1998) or from deeper observations taken with the same VLA configuration (D).
The visible spectroscopic data used in this paper were taken from the Data Release 13 (DR13) of the Sloan Digital Sky Survey (SDSS; Albareti et al. 2017) or from the central pixels of long-slit spectra (Maragkoudakis et al. 2018) . The SDSS spectra were obtained using two fiber-fed double spectrographs covering a wavelength range of 3800-9200Å with spectral resolving power varying between 1850 < λ/∆λ < 2200. The 3 ′′ fiber spectra are available for 189 SFRS galaxies, of which 187 have detectable Hα line emission. The long-slit data refer to regions 3.
′′ 5 by 3 ′′ in size and spectral resolving power ∼1000. Full details are given by Maragkoudakis et al. (2018) .
Photometry and aperture corrections
The UV and NIR photometry were measured consistently using SExtractor (Bertin & Arnouts 1996) . The two GALEX images and the four IRAC mosaics were first registered using swarp (Bertin et al. 2002) to bring all six images to a common WCS and pixel size of 0.
′′ 867. SExtractor was then run in dual-image mode with objects detected on the 3.6 µm IRAC image (see §2.3). The 3.6 µm image was chosen for the initial reference because this band is most sensitive to galaxy starlight. All images were inspected to check whether tidal features visible in UV and/or IR were included in estimating the total magnitudes. If not, the relevant processes above were repeated with a more suitable detection image. For the excessively UV-bright (XUV) galaxies Thilker et al. 2007 ) such as NGC 4395, the NUV image was used for aperture selection and for total flux estimates via SExtractor 'MAG AUTO'
5 . Next we applied the extended-source correction to the UV fluxes. Figure 4 of Morrissey et al. (2007) shows that the aperture correction for apertures of radius <3.
′′ 8 and >6
′′ are approximately linear. Hence, following Figure 4 of Morrissey et al. (2007) we binned our data into three sets with r < 3.
′′ 8, 3. ′′ 8 < r < 6 ′′ , and r > 6 ′′ , where r is the half-light radius from the 2MASS catalog ( §2.3). To the first set we applied a linear correction of the form Ar + B, where A = −0.5608(−0.6521) and B = 2.4912(3.0682) respectively in FUV(NUV). To the second set we applied the corrections suggested by Morrissey et al. (2007) for the 6 ′′ radius aperture. To the third set we applied the linear correction by approximating the curve of growth from 6 ′′ onwards such that A = −0.0016(−0.0028) and B = 0.14(0.2128) respectively for FUV(NUV).
A recent catalog of GALEX measurements for 4138 nearby galaxies (Bai, Zou, Liu, & Wang 2015) includes FUV measurements for 42 and NUV measurements for 73 SFRS galaxies. For the galaxies in common, the FUV magnitudes presented here are in the median 0.03 mag brighter than the Bai et al. D25 magnitudes and 0.07 mag fainter than their asymptotic magnitudes. Corresponding values for NUV are 0.02 mag brighter and 0.10 mag fainter respectively. The agreement in the medians shows that our calibration is on the same scale as that of Bai et al. Individual galaxies, however, show differences between our magnitudes and 5 Following http://galex.stsci.edu/gr6/?page=faq we assumed the effective wavelengths (λ eff ) for GALEX to be 1516Å and 2267Å in the FUV and NUV, respectively. The UV counts per second measured by SExtractor 'MAG AUTO' were converted to flux densities at effective wavelengths (f λ ) using the unit response also given on the above webpage. f λ were then converted to flux densities fν at the corresponding frequencies, and those were translated to AB magnitudes and their uncertainties. The resulting AB magnitudes for one count per second are 18.824 and 20.036 in FUV and NUV respectively. Schlegel, Finkbeiner, & Davis (1998) .
the Bai et al. D25 magnitudes with standard deviations of 0.29 and 0.23 mag in the FUV and NUV bands, respectively. These dispersions represent the effect of different choices of aperture and perhaps also subtraction of sky background and contaminating sources. We also compared the UV fluxes obtained for the SFRS galaxies with those of Dale et al. (2007) for six galaxies in common with the SINGS sample (Kennicutt et al. 2003) and found them to agree within the uncertainties.
Milky Way Extinction
Dust in the Milky Way attenuates light from external galaxies. The degree of extinction depends on position and may require a large correction in the UV wavebands. We applied a correction of AFUV = 8.29 × E(B − V ) and ANUV = 8.18 × E(B − V ) , where the adopted colour excess values E(B −V ) come from the dust reddening maps of Schlegel, Finkbeiner, & Davis (1998) 6 . These reddening maps are based on the reprocessed composite of the COBE/DIRBE and IRAS/ISSA maps at 100 µm with the zodiacal foreground and confirmed point sources removed. For the SFRS galaxies, colour excesses are in the range 0.007 E(B − V ) 0.164 with a median of 0.023 mag and are listed in Table 1 . For the subsample of SFRS galaxies analysed here, 95 per cent of the FUV corrections are less than 0.45 mag. Recent work (Lenz, Hensley, & Doré 2017) confirms that the uncertainties in the corrections are generally negligible for current purposes.
STAR FORMATION RATE INDICATORS
Individual Star Formation Indicators
A measure of SFR wholly independent of emission at any other wavelength comes from the 1.4 GHz radio emission. This radio emission (Condon 1992 ) comes mainly from nonthermal synchrotron radiation from the relativistic electrons in the remnants of core collapse supernovae. There is also a small contribution from thermal bremsstrahlung from H ii regions (Condon 1992; Schmitt et al. 2006; Tabatabaei et al. 2017) and potentially from an active galactic nucleus. Unfortunately the theoretical ratio of radio emission to SFR depends on the uncertain mass cutoff for Type II supernovae (Sullivan et al. 2001) . Therefore the calibration usually is taken from an empirical comparison in the local universe (e.g., Yun et al. 2001, Eq. 13 ) of the SFR density ρSFR to radio power density USF related to star formation (i.e., subtracting radio emission from active galactic nuclei): (Mauch & Sadler 2007) and ρSFR = 0.012 ± 0.001 (González Delgado et al. 2016) , which give almost the same ratio. Other estimates of the ρSFR differ by factors of 0.87-2.25 (Gilbank et al. 2010) 7 depending on method. Tabatabaei et al. (2017) compared radio SFR to a range of other indicators and found calibrations of 0.94-2.0 times that of Equation 2. Purely theoretical calculations give SFRs 1.4 times (Schmitt et al. 2006) or 2 times (Tabatabaei et al. 2017) higher than Equation 2. The differences in calibration methods are the main uncertainty in Equation 2. We adopted the value shown because of its wide use and scaling consistent with other indicators.
A problem with the linear SFR1.4 GHz (Eq. 2) is that it tends to be too low at low SFR and too high at high SFR. Chi & Wolfendale (1990) and Bell (2003) among others have suggested that in low-luminosity (or low-SFR) galaxies, a fraction of the cosmic rays accelerated by SNRs may escape from the galaxy. This scenario might explain the underestimated SFR1.4 GHz of some low-luminosity galaxies in Figure 2 . Ratio of SFRs calculated solely from FUV photometry to those derived solely from FIR photometry as a function of their sum. The symbols indicate individual galaxies coded by quartiles of L 60 µm : black squares for L 60 µm < 10 9 L ⊙ , red triangles for 10 9 < L 60 µm < 10 10 L ⊙ , green circles for 10 10 < L 60 µm < 10 10.5 L ⊙ , and blue stars for L 60 µm > 10 10.5 L ⊙ . The abscissa is SFRtot from Equation 7, and the ordinate is the ratio of SFRs given by Equations 4 and 6. our sample. Tabatabaei et al. (2017) suggested that galaxies with high SFR might have stronger magnetic fields and a flatter energy distribution of relativistic electrons. This would imply stronger radio emission for a given SFR at high SFR. Davies et al. (2017) suggested a non-linear relation 8 based on an essentially radio-selected sample of nearby galaxies:
and Brown et al. (2017) found a nearly identical relation. A non-linear relation as in Equation 3 could compensate for cosmic ray escape at low SFR and increased radio emission at high SFR. Both the linear and non-linear relations are examined below.
An inevitable output of recent star formation is UV continuum emission from 1200-3200Å. UV continuum can be therefore be used as an SFR indicator. We used the prescriptions provided by Iglesias-Páramo et al. (2006) : 
where LFUV and LNUV are the intrinsic FUV and NUV luminosities. Iglesias-Páramo et al. (2006) derived their calibrations from Starburst99 (Leitherer et al. 1999) assuming a solar metallicity. Hao et al. (2011) found SFR 20 per cent larger than given by Equation 4, and McQuinn, Skillman, Dolphin, & Mitchell (2015) suggested increasing the SFRFUV calibration by a factor of 1.53. Neither will change our results because for the SFRS sample, the measured UV output represents only a small part of the total SFR measurement. The SFR could be overestimated if an old stellar population contributes significant UV emission. Indeed some elliptical galaxies, which have low SFR, show a 'UV upturn ' (O'Connell 1999) . In most galaxies, this is due to residual star formation (Yi et al. 2011 ), but in a small fraction the UV emission can come from horizontal branch stars (e.g., Kjaergaard 1987 ). While such emission will add slightly to the observed scatter in SFR relations, the small size of the effect even in elliptical galaxies shows that it will be negligible for most of the SFRS galaxies because the SFRS selection requires dust emission. For all but the least dusty galaxies, most of the UV radiation emitted by young stars is absorbed by dust and reemitted in the FIR. Therefore, in order to use the measures in Equations 4 or 5, the observed UV emission has to be corrected for extinction by one of the methods discussed in Section 4. Alternatively, the reemitted FIR radiation itself can be used as the SFR tracer (Kennicutt 1998 
where LFIR is based on Equation 1 and the galaxy distance. For the SFRS sample, the observed SFRFUV is usually but not always negligible compared to SFRFIR. This is evident from Figure 2 , which also shows that the SFRFUV/SFRFIR ratio is a strong function of SFRtot. Of our 326 galaxies with UV photometry, only 47 have SFRFUV > SFRFIR. This is not surprising because the SFRS sample is based on IRAS FIR detections. Despite that, UV-bright galaxies are represented in the SFRS sample because of its selection criteria.
LFIR derived from Equation 1 differs from 'Total Infrared Luminosity' (LTIR), which takes into account all flux from 3 to 1100 µm. LTIR has sometimes been used to derive SFR. FTIR can be extrapolated from FFIR and f60/f100 (Eq. 3 of Dale et al. 2001) or can be directly measured if Herschel/PACS data are available (Galametz et al. 2013 ). For galaxies in our sample, the IRAS extrapolation gives 1.38 FTIR/FFIR 11 with median 2.26 and standard deviation 0.26. Only 56 SFRS galaxies have any Herschel/PACS data available. For a few, the PACS 70 or 100 µm flux densities are more than a factor of 2 below the corresponding IRAS flux density. These galaxies are all notably extended in the IRAC images, and presumably the smaller Herschel beam is not picking up all the flux that IRAS saw. For the 38 SFRS galaxies having 160 µm PACS data and with PACS 70 or 100 µm data in agreement with IRAS, the median FTIR is 0.10 dex higher than the IRAS extrapolation, and the dispersion of the ratio is 0.08 dex. This limited evidence suggests that extrapolating IRAS flux densities to derive LTIR is reasonable, but LTIR is not used here except where needed to compare with previous results.
The SFRFIR measure suffers from two complications: some of the UV emission escapes from the galaxy without heating dust, and the FIR emission includes a contribution from dust heated by older stars (Sauvage & Thuan 1992) . Therefore an improved estimate is often assumed to be (Hirashita et al. 2003 )
where SFRFUV is calculated from the observed FUV emission, uncorrected for dust extinction, using Equation 4. The first term accounts for UV radiation that escapes without heating dust, and η in the second term is the fraction of FIR luminosity produced by dust heated by old stellar populations. Evans 2012 and have reviewed this subject.) Using LFIR instead of LTIR decreases the effect of dust heated by older stars because such dust is generally cooler than dust within star formation regions (Helou 1986 ). Omitting the λ > 122 µm radiation leads to smaller values of η.
The fraction η of dust luminosity coming from old stars can be estimated using evolutionary synthesis models. Earlier studies involving starburst and luminous IR galaxies found η ∼ 0.6 (e.g., Buat et al. 1999; Meurer et al. 1999; Gordon et al. 2000) , but empirical values for normal starforming galaxies are much lower (Bell 2003; Hirashita et al. 2003; Buat et al. 2005; Kong et al. 2004; Hao et al. 2011) , even though most studies have used TIR to derive η. For a diverse sample, Bell (2003) estimated the contribution of old stellar populations to IR luminosity to be 32±16 per cent for galaxies with LTIR < 10 11 L⊙ and 9±5 per cent for LIRGs. Hirashita et al. (2003) found η = 0.40 ± 0.06 for a sample of spiral and irregular galaxies in nearby galaxy clusters but η = −0.04 ± 0.09 (i.e., η ≈ 0) for a sample of starburst galaxies selected at ∼1900Å. For AKARI/FIS galaxies observed by SDSS/DR7 and GALEX, Buat et al. (2011) found η = 0.17 ± 0.10. More recently, Boquien et al. (2016) studied galaxy regions ∼1 kpc in size and found η = 0.42 for the luminosity-weighted average but ranging from ∼0.15 to ∼0.7 for different regions.
9 Our results presented below are roughly equivalent to basing SFR on LTIR and using η = 0.56, the median value of LTIR/LFIR. However, using LTIR would require either additional data beyond 100 µm or an uncertain extrapolation. As will be seen below, our choice to use LFIR rather than LTIR is justified by its success.
Comparing the bottom two panels of Figure 3 shows that the main effect of varying η is to change the scaling between SFR1.4 GHz (or SFR21.4 GHz) and SFRtot and that the adopted calibration of Equation 3 gives a preference for η ≪ 0.3. Adopting η = 0.3 in place of η = 0 would require decreasing the constant in Equation 3 by 0.12 dex. This is within the uncertainties of the calibration of SFR1.4 GHz (e.g., Yun et al. 2001; Hopkins et al. 2003; Schmitt et al. 2006; Gilbank et al. 2010; Davies et al. 2017 ). Using any SFR calibration to estimate η is of limited use because the relative calibrations of different SFR indicators can always be adjusted (within limits) to make the sample median SFRs agree. As shown in the top two panels of Figure 3 , the non-linear prescription for SFR1.4 GHz is strongly preferred because it removes the tendency for radio luminosity to underestimate SFR at low SFR values (Bell 2003) . Leaving aside the overall calibrations, in principle the scatter in the SFRtot/SFR21.4 GHz ratio can be used to estimate η. The dispersion of SFR21.4 GHz/SFRtot is smallest for η = 0 (0.24 dex) but nearly constant with η (0.25 dex for η = 0.3). If we restrict the sample to the central two quartiles of 60 µm luminosity, the scatter is 0.16 dex for η = 0 and 0.17 dex for η = 0.3.
The η = 0 value implied by the scatter in SFRtot/SFR21.4 GHz differs from previous results. Our use of FIR rather than TIR is a principal but probably not the only reason for this: using the colour-dependent values of η suggested by Boquien et al. (2016, their Fig. 6 and any of several colours from FUV to 3.6 µm) does not decrease the observed scatter. In fact, the calculated rms scatter in log (TIR/FIR) for our sample is only 0.11 dex (Sec. 2.3). The real scatter is probably higher because the TIR/FIR ratio is based on an extrapolation using simple dust models (Dale et al. 2001 ), but the true TIR/FIR ratio cannot be evaluated without more observations at wavelengths longer than 100 µm. Better estimates of η will require either much larger samples, better theoretical knowledge of the relative calibrations of SFR measures, or a new way of estimating values of η for individual galaxies. In the following we use η = 0 and non-linear SFR21.4 GHz (Eq. 3) because these minimize both the observed scatter and the calibration offsets.
The last SFR measure we consider here is polycyclic aromatic hydrocarbon (PAH) molecular emission features. (See Calzetti 2011 for a review.) PAHs can form in galaxies from evolved stars, stellar mass loss, gas cloud collisions, or cooling flows and are excited by UV emission over a wide range of wavelengths. The PAH emission arises from photo-dissociation regions, which often surround (Helou et al. 2004 ) the H ii regions that mark the locations of massive stars. This makes PAH emission an indirect but still useful SFR tracer. The 8.0 µm IRAC band detects a complex of PAH features in low-redshift galaxies, and Wu et al. (2005) showed that the 8.0 µm dust luminosity correlates well with the 1.4 GHz and the 24 µm luminosity, both of which are star formation tracers. The 8.0 µm dust luminosity also correlates linearly with the MIPS 160 µm luminosity (Zhu et al. 2008 ) and nonlinearly with the extinction-corrected Paschen-α luminosity (Calzetti et al. 2007 ). Calzetti et al. (2007) , Zhu et al. (2008) , Kennicutt et al. (2009 ), Shipley et al. (2016 , and Maragkoudakis et al. (2017) among others have used PAH emission to estimate the SFR for galaxies, and Shipley et al. showed that of the various PAH features, the one at 7.7 µm correlates best with SFR as measured by their combination of 24 µm and Hα emission.
For a majority of local galaxies seen by IRAC, the PAH emission dominates the 8.0 µm band (Pahre et al. 2004 ). However, a stellar continuum is still present especially in the early-type galaxies (Helou et al. 2004; Wu et al. 2005; Huang et al. 2007 ). To correct for this, we subtracted 0.227 times the 3.6 µm flux density from the observed 8.0 µm flux density to yield the 8.0 µm flux density attributable to dust (Huang et al. 2007 ).
10 To convert the 8.0 µm dust luminosity to SFR, we have used the prescription of Wu et al. (2005) (also see Zhu et al. 2008) :
with Lν [8.0 µm, dust] derived from the IRAC 8 µm flux den-sity attributable to dust. Brown et al. (2017) found a nonlinear relation between SFR and LPAH (analogous to Equation 3 for 1.4 GHz). That would give a small overall decrease in dispersion (from 0.32 dex to 0.28 dex), improving the fit mainly for SFRtot 0.5 M⊙ yr −1 .
All the SFR measures examined here are given in Table 2. For the majority of the sample, the statistical measurement uncertainty (i.e., from photon and detector noise) is below the systematic errors. For radio continuum imaging the calibration uncertainty is 3 per cent while the system- atics add a further uncertainty of 0.45 √ n mJy to extended sources, where n is the number of beams, each 45 ′′ in diameter, covering the source. For the SFRS galaxies, n 5.7 (Condon et al. 1991) . The IRAS survey includes a uniform calibration for point sources of better than 10 per cent over nearly the entire sky (Soifer et al. 1987) . For the IRAC and GALEX data, the calibration uncertainty is of the order of 3 per cent or better. Despite our efforts to choose apertures so as to give consistent total magnitudes, aperture uncertainties are probably at least 0.1 mag. As will be seen in Section 3.2, the uncertainties in the empirical relations used to convert luminosity to SFR are larger than these observational uncertainties.
Calibration of Individual SFR Tracers
The global radio and infrared SFR measures are in agreement with each other as shown in Figure 4 . This is the case despite the prescriptions being based on very different underlying physics and their calibrations having been established from different samples. The uncorrected UV measures correlate with the others but are too low, especially at large SFR, as expected when extinction is ignored. The respective correlations, the standard deviation in fitted parameters, and the goodness of fit parameter χ 2 are listed in Table 3 . Table 4 lists some statistical properties of the differ- Notes-'prob' is the probability of the data under the null hypothesis.
1 The statistic F = σ 2 1 /σ 2 2 where σ 2 i is the variance. 2 The statistic t = (x 1 −x 2 )/ (σ 2 1 /n 1 )+(σ 2 2 /n 2 ) where x i is the mean of a distribution of n i data points and variance σ 2 i . 3 Non-linear relation given by Eq. 3 4 Linear relation given by Eq. 2 ent SFR distributions, and Table 5 gives results of statistical tests comparing them. Figure 5 compares the indicators that are unaffected by extinction. The non-linear SFR21.4 GHz shows an overall slope that would become steeper if the exponent in Equation 3 were made smaller (such as 0.66 in Eq. 2 of Bai, Zou, Liu, & Wang 2015) . SFRPAH is in good agreement with SFRtot for most galaxies, but about 18 per cent of galaxies are outliers (8 with log(SFRPAH) − log(SFRtot) > 0.3 and 51 with log(SFRPAH)−log(SFRtot) < −0.3). SFRFIR is in good agreement with SFRtot at high SFR, but it is up to ∼1 dex low at low SFR because this measure neglects UV light that escapes the galaxy without heating dust. This light is most important in low-SFR galaxies (Fig. 2) . Table 4 confirms that the SFR21.4 GHz, SFRPAH, SFRtot distributions are comparable in mean and median. This is also consistent with the t-test (Table 5) , which checks against the hypothesis that two distributions with different variances have the same mean. The K-S statistic (Table 5) is consistent with all three being drawn from the same parent distribution. The mean and median for SFRFIR are a little lower than the previous three because SFRFIR neglects escaping UV light. Nevertheless, SFRFIR is consistent with having been drawn from the same distribution of SFRs.
The ranges of SFR indicated by SFRFIR, SFRPAH, and SFRtot are also similar as indicated by the respective sample standard deviations. The F -test measures the probability that two samples drawn from a single population would have variances differing by as much as the observed amount. The statistic F (Table 5 ) is the ratio of the two variances, and hence a value ≪1 or ≫1 indicates significantly different variances. Table 5 shows that the differences are at most marginally significant. In contrast, the linear SFR1.4 GHz shows a wider range than SFRtot, consistent with its underestimating low SFR and overestimating high SFR. SFR21.4 GHz compensates for that (and would overcompensate if the exponent in Equation 3 were made smaller).
As expected, the distributions of the UV SFRs differ from all others because the UV has not been corrected for extinction. Table 4 confirms that the mean of the UV SFRs is significantly below the monochromatic SFRs estimated at longer wavelengths.
The good agreement between SFRPAH and SFRtot was also reported by Maragkoudakis et al. (2017) . As noted above, most large deviations are in the sense that PAH underestimates the SFR, and most deviant galaxies are at the extreme ends of the luminosity distribution. The lack of PAH emission in low-luminosity galaxies has been documented previously (Boselli et al. 1998; Hogg et al. 2005 ) and attributed to lack of PAH grains (Wang & Heckman 1996; Hopkins et al. 2001; Buat et al. 2005 , among others). The low-luminosity galaxies can have deficient PAH emission if the galaxies are low in metallicity, i.e., lack the raw material to form PAHs, or if they are too young to have formed PAH yet. However, given that the shallow potential wells in these galaxies are unable to retain SNe ejecta for a prolonged duration, low metallicity might seem to be the most likely cause for the underestimated SFRPAH for these galax- ies (e.g., Leroy et al. 2006) , and indeed Shipley et al. (2016) confirmed that galaxies with low metallicity have low PAH emission. However, Figure 6 shows that PAH deficiency is greatest in galaxies exhibiting strong UV radiation fields, suggesting that PAH destruction may be important. However, low metallicity could still be the underlying cause if the reason for the strong UV radiation field is low dust abundance. The high-luminosity galaxies may have a relatively intense radiation field that destroys the PAHs (e.g., Condon 1992), but there is no evidence for that in the emerging UV radiation as seen in Figure 6 . Because of dust extinction, however, the emerging UV radiation may not be characteristic of the local radiation fields where stars are forming.
The bottom panel of Figure 5 also shows the correlation between SFRFIR and SFRtot. As SFRtot increases, the fraction of SFR traced by SFRFIR increases markedly. For galaxies in the top luminosity quartile of the SFRS, virtually all the star formation is traced by FIR emission. For galaxies in the lowest luminosity quartile, SFRFIR can underestimate SFRtot by almost an order of magnitude for some galaxies, but for other galaxies with the same SFR, the SFRFIR is the dominant contributor. Figure 2 is a more direct demonstration of the importance of escaping UV radiation as a function of luminosity or SFR.
EXTINCTION INDICATORS
For a galaxy forming stars, the intrinsic UV luminosity is proportional to the SFR (Kennicutt 1998 and references therein). Dust, depending on its amount and distribution, absorbs some fraction of the UV and reradiates the energy in the FIR. If the extinction could be measured, the corrected UV flux would measure the total SFR.
In general, there are two types of extinction indicators for galaxies. One type is based on the ratio of FIR to UV luminosity (≡IRX). Such a 'bolometric' extinction indicator in effect gives a measure of total SFR as in Equation 7 but with a different formula to translate from observed flux densities to SFR. As for any method involving FIR emission, the measure is imperfect because older stars can also heat dust and also because our specific line of sight to a star forming region may not represent the average over all directions around that region because of both galaxy inclination and morphology of the dust distribution. The second type of method uses visible or UV spectral slope (β) (e.g., Meurer et al. 1999; Kong et al. 2004; Cortese et al. 2006; Gilbank et al. 2010; Overzier et al. 2011) , Balmer decrement, or a similar measure of reddening, which is translated to extinction by means of a chosen reddening curve.
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Such 'colour-excess' (or 'reddening') methods are the only choice when FIR data are not available. A major problem is that colour excess depends critically on the dust geometry relative to the emitting stars (i.e., 'foreground screen' or 'mixed slab' approximations or 'discrete clouds' or a combination-see Charlot & Fall 2000 for discussion and modeling). Despite the complications, Meurer et al. (1999) (also see Cortese et al. 2006; Overzier et al. 2011) found an empirical relation between UV colour β and IRX that gave rms scatter 0.3 dex in IRX in their UV-selected sample of local galaxies. The SFRS allows us to test how well such colour-excess methods work in a more representative sample.
An empirical prescription (Buat et al. 2005) for the bolometric extinction AFUV(IRX) derived from IRX is Figure 7 . Ratio of SFR as calculated by empirical prescriptions (Buat et al. 2005) to SFRtot. The abscissa IRX is the observed total infrared F TIR to UV νFν flux ratio, making the ordinate depend on F (60)/F (100). Blue curves show the ratio for FUV (Eq. 9) and the red curves for NUV (text footnote 12) for the 16th and 84th percentiles of F (60)/F (100) of sample galaxies.
where p ≡ log(LTIR/LFUV). 
where mFUV and mNUV are the respective GALEX AB magnitudes. 13 The equation is similar to relations derived by others (e.g., Hao et al. 2011) . Figure 9 shows the SFRS galaxies in the IRX-(mFUV − mNUV) (or equivalently IRX-β) space. There is a correlation between AFUV(β) and AFUV(IRX) with Pearson correlation coefficient r = 0.71 and mean AFUV(β) − AFUV(IRX) = 0.33 mag, but the rms scatter in AFUV(IRX) as derived from AFUV(β) is 0.44 dex. Galaxies with AFUV(β) 2 can have bolometric extinctions as high as 6 mag, and AFUV(β) applied to LFUV greatly underestimates their FIR luminosity and therefore SFR. This is consistent with other results (e.g., Kong et al. 2004; Johnson et al. 2006 Johnson et al. , 2007 , which have shown that galaxies having higher current SFR relative to their past averaged SFR are likely to deviate above the IRX-β relation, i.e., have larger AFUV(IRX) for a given AFUV(β). Despite this qualitative agreement, the Kong et al. mean numerical relation for their UV-selected sample of 50 local starbursts is not a good fit to the FIR-selected SFRS data as shown in Figure 9 . Regardless of numerical values, all these studies agree that galaxies with higher SFR are more obscured at fixed β (also see Cortese et al. 2006; Moore et al. 2010; Iglesias-Páramo et al. 2004) . At the low SFR end, galaxies with L60 < 10 9.3 L⊙, which at z ≈ 0 are mostly early-type cluster galaxies, form two groups. Around 75 per cent of them are near the mean IRX-β relation, but the rest show AFUV(IRX) ≪ AFUV(β). One possibility is that these galaxies have older stellar populations with intrinsically high values of β. In the middle range 10 9.3 < L60 < 10 10.7 L⊙, there is a general trend for AFUV(IRX) to follow AFUV(β) but with rms scatter ∼0.34 dex. At L60 > 10 10.7 L⊙, the scatter is ∼0.56 dex.
Some of the scatter in Figure 9 can be attributed to intrinsic dispersion in the SFHs and metallicity of individual galaxies (Cortese et al. 2006; Kong et al. 2004; Johnson et al. 2007; Wilkins et al. 2012; Grasha et al. 2013) . It is therefore not surprising that the best-fit relation between AFUV(β) and AFUV(IRX) matches well with the one derived for a UV-selected sample of galaxies with IRAS counterparts , similar to the SFRS sample used here, but is significantly different from the one proposed by Salim et al. (2007) for an optically-selected z ∼ 0.1 sample of galaxies. Using a sample of galaxies from the SDSS and GALEX, Treyer et al. (2007) have also confirmed that UV-based extinction corrections Salim et al. 2007; Johnson et al. 2007 ) over (under) estimate the corrected UV luminosity for the lowest (highest) emission-line SFR galaxies. In that context, it is remarkable that Casey et al. (2014) found qualitatively the same results we do despite having selected 5/6 of their sample galaxies in the UV. (The other 1/6 of their sample was selected in the FIR, but most of those galaxies have LFIR > 10 11 L⊙.) The similarity of our results implies that they are not strongly biased by sample selection.
The geometry of dust and stars in a galaxy is a crucial element in determining the attenuation at any given wavelength. However, while the relation between FUV attenuation and IRX is almost independent of dust geometry , the relation between β and IRX depends strongly on geometry of stars, gas, and dust (probably the main effect according to Casey et al. 2014 ), on dust grain properties, and on dust clumpiness Charlot & Fall 2000; Meurer et al. 1999) 14 . For example, if young stars and dust are well mixed in an optically thick cloud, the extinction is high, but the UV light will emerge only from a layer near the surface and will show small β. Small β can also be seen if our line of sight happens to pass through a low-extinction 'tunnel' to the young stars while their light emitted in other lines of sight is mostly absorbed. These considerations probably explain much of the scatter in using β as an extinction indicator (Figure 9 ). Figure 10 further illustrates the problem of using UV data alone to estimate SFR. Ignorance of the actual FIR emission gives a median (mean) error in SFR of 0.22 (0.34) dex and maximum error 1.9 dex. There is no obvious way to know which galaxies will have deviant SFRs, though there are some clues. For 62 galaxies with LFUV > 5 × 10 9 L⊙ (and excluding two Seyfert galaxies SFRS 263/270- Maragkoudakis et al. 2018) , the median deviation is 0.16 dex, and the maximum is 0.87 dex. Similarly, for 20 galaxies with β < −1.5 (or equivalently AFUV(β) < 1.05 mag, the median deviation is 0.15 dex, and only one galaxy deviates by more than 0.4 dex (though the deviation for that galaxy is 1.7 dex). Thus for ∼1/4 of the SFRS sample and presumably a larger fraction of UV-selected samples, FIR estimates based on UV data are not bad. For the other ∼3/4 of the galaxies, however, the median deviation is 0.26 dex, and 28 per cent of the galaxies show deviations >0.5 dex.
In retrospect, it should not be surprising that AFUV(β) gives a reasonable estimate of AFUV when AFUV(β) is small enough. When AFUV < 1 mag, of order half or more of the UV light escapes, and the UV colour can indicate extinction. When extinction is larger, however, little light from stars suffering high absorption escapes. The light that does escape comes only from stars in lines of sight that have low absorption, and only this low extinction is measured. Figure 11 (a) of Charlot & Fall (2000) illustrates the effect for a simple mixed-slab model. Real galaxies are even more complicated: Goldader et al. (2002) showed that the emerging UV light is often displaced from the main luminosity sources. Figure 1 shows some striking examples in the SFRS sample. Under these conditions, the colour of the emerging light cannot indicate whether there are many or few stars hidden by dust.
Another colour-excess extinction measure is the Balmer decrement, the Hα/Hβ flux ratio measured spectroscopically. Maragkoudakis et al. (2018) gave nuclear Balmer decrements for the SFRS sample, most coming from SDSS fiber spectra. However, Hα/Hβ used here has an inherent bias because the line ratio was measured from apertures 3 ′′ -3.5 ′′ in diameter centred on each galaxy's nucleus. 15 This introduces biases in two ways: (i) galaxies must have significant Balmer emission and therefore high nuclear star formation activity in order for emission lines to be measureable, and (ii) the circumnuclear regions of galaxies are dustier than the outer disc (e.g., Popescu et al. 2005; Prescott et al. 2007) , and hence for the nearby galaxies in the SFRS sample the nuclear obscuration could exceed the galaxy's average value. Therefore, the results are only a rough indicator of the bolometric AFUV. A full analysis requires optical spectra covering a larger fraction of the galaxies' areas (e.g., Cortese et al. 2006) .
To compute the FUV extinction implied by the Balmer 15 At the quartile and median distances of the SFRS galaxies, the 3 ′′ SDSS fiber diameter corresponds to 370 pc, 1.1 kpc, and 1.9 kpc respectively. Maragkoudakis et al. gave long-slit Balmer decrements for 168 galaxies, but even those don't sample the entire galaxy disc. In order to compare all galaxies in our sample in a uniform way, we use here only the nuclear spectra even when long-slit spectra are available.
decrements, we followed Domínguez et al. (2013):
E(B − V ) = 1.97 log (Hα/Hβ) obs 2.86 (11) where (Hα/Hβ) obs is the observed Balmer decrement.
16 The adopted reddening curve (Calzetti et al. 2000) translates the Equation 11 colour excess to
where the factor 0.44 accounts for lower extinction to stars than to ionized gas. Figure 11 compares AFUV(Bal) with other extinction measures for the SFRS galaxies. AFUV(Bal) is correlated with AFUV(IRX), but the scatter is 0.60 dex rms. Galaxies with L60 > 10 10.5 L⊙ have even more scatter, 0.66 dex. For galaxies with L60 < 10 10.5 L⊙, the scatter is 0.51 dex, and AFUV(Bal) overestimates AFUV(IRX) (and hence SFR) by a median of 0.12 dex. Using a factor of 0.40 insted of 0.44 for the ratio of stellar to gas extinction increases the median overestimate to 0.17 dex but decreases the rms scatter to 0.48 dex. A factor of 0.48 gives median overestimate 0.04 dex but increases the scatter to 0.55 dex. These values represent a plausible range, but no fixed ratio will make the nuclear Balmer decrement a good predictor of AFUV(IRX). AFUV(β) does a little better: for the whole sample, the scatter between AFUV(β) and AFUV(IRX) is 0.49 dex and only 0.37 dex when L60 < 10 10.5 L⊙. Despite that, the averages of the estimates agree reasonably well: AFUV(β) underestimates AFUV(IRX) by 0.15 dex for the whole sample and overestimates by 0.03 dex for L60 < 10 10.5 L⊙. There is little correlation between AFUV(Bal) and AFUV(β), which relation shows rms scatter 0.63 dex. These results are in broad agreement with Wijesinghe et al. (2011) , who used multi-wavelength data for a volume-limited sample of nearby galaxies to show that there is a stronger correlation between β and IRX than between Hα/Hβ and IRX but with a large scatter in both (Figures 9 and 11) . Some of the scatter seen in Figure 11 may be attributed to the fact that β depends not only on the distribution of dust and young stars but also on the age of that stellar population (Grasha et al. 2013) , the contribution from older stellar populations, metallicity, and the slope of the IMF.
The inability of reddening based on Hα/Hβ to correct LFUV in a way that determines FIR luminosity has previously been reported by several authors (e.g., Wang & Heckman 1996; Buat et al. 1999 Buat et al. , 2002 . In particular, Buat et al. (2002) showed that the correlation between dust extinction and LFIR is weak but gets worse for Bband, Hα, or UV luminosities. While colour-excess extinction corrections may yield statistically useful SFRs for normal galaxies, especially for low-dust samples selected at blue wavelengths, identifying which galaxies are LFIR 10 10.5 L⊙ starburst galaxies requires data at longer wavelengths. 
COMPARISON WITH PREVIOUS RESULTS
Using a heterogeneous sample of 249 galaxies from the literature, Bell (2003) presented a study similar to the present one. Our data confirm Bell's principal conclusion: while FIR reliably represents the star formation in ∼L * galaxies, it represents only a fraction of it in lower-luminosity (∼0.01 L * ) galaxies. Another of Bell (2003) 's suggestions was that radio emission also underestimates the SFR in low-luminosity galaxies, and that these corresponding underestimates are responsible for the observed FIR-radio correlation. Figure 3 confirms that result and Bell's inference that the observed linear radio-FIR correlation is a coincidence of both indicators underestimating the SFR at low luminosities. The remedy is a non-linear relation between L1.4GHz and SFR, as suggested by Davies et al. (2017) and shown in Equation 3.
Bell (2003) also suggested a correlation between FIR dust temperature T d and η. In their picture, hotter dust would imply that active star formation is more important for dust heating, i.e., η is smaller. Indeed, galaxies with F60/F100 > 0.5 are generally termed starbursts (Rowan-Robinson & Crawford 1989) , and 146 of our sample galaxies fit this criterion. However, as shown in Figure 12 , contrary to the expectation, SFRtot/SFR21.4 GHz shows no correlation with T d , and SFRtot/SFRPAH shows if anything an opposite correlation. That is, if cool dust were being heated by an old stellar population, SFRtot would overestimate SFR, contrary to the trend seen.
The trend in SFRtot/SFRPAH in Figure 12 hints that T d may have some relation to PAH emission. That is confirmed by Figure 13 , which shows that relative SFRPAH is anti-correlated with T d . The strongest negative correlation is with SFRFIR, but the unweighted SFRS sample does not show a correlation of SFRFIR with T d because the SFRS was constructed to cover the full range of T d uniformly at each value of LFIR. SFRFIRwould correlate with T d for the SFRS if the galaxies were properly weighted. Numerous studies have shown associations between high SFR, high sSFR, high sSFR relative to the galaxy main sequence ('starburstiness'), warm T d , and low PAH emission (e.g., Elbaz et al. 2011; Nordon et al. 2012; Díaz-Santos et al. 2013; Stierwalt et al. 2014) . What the SFRS sample shows is that at fixed LFIR (or SFR), higher T d is associated with relatively smaller LPAH. We suggest that warm dust is associated with a relative deficiency of photo-dissociation regions, where the PAH emission originates. The most straightforward physical reason is high dust content in H ii regions of some galaxies. Such dust grains, being relatively near the heating sources, would reach relatively high temperatures, and the energy they absorb could not escape to excite PAH molecules in surrounding PDRs. This mechanism was suggested (Murata et al. 2014) to explain the PAH deficit in galaxies with high sSFR relative to their stellar masses. Whether this explanation is correct could perhaps be elucidated by spatially resolved observations. Davies et al. (2017) was the u-band extinction correction, which they derived from each galaxy's Balmer decrement. Davies et al. (2016) used the same SFRU metric (among 12 that they examined) in a sample of morphologically selected spiral galaxies (0 < z < 0.13) from the Galaxy and Mass Assembly (GAMA) survey . One key difference is that Davies et al. derived the u-band extinction from fitting each galaxy's spectral energy distribution, and they also put in a correction, based on u − g colour, for u-band radiation from older stars. Figure 14 compares SFRU to SFRtot for 218 SFRS galaxies where SDSS data are available. The derived values of SFRU are a factor of two lower than SFRtot on average, and the rms scatter is 0.6 dex. This applies even for low-luminosity galaxies, despite SFRFUV often being dominant over SFRFIR (Fig. 2) . Correcting for u-band emission by old stars (Davies et al. 2016, Eq. 12) would make the discrepancy worse, increasing the median SFRU deficit to 0.5 dex and the scatter to 0.67 dex. The systematic errors and large scatter make u-band luminosity an unreliable SFR indicator for galaxies with dust such as the SFRS sample. Bell (2003) showed that the Hα and FUV extinctions loosely correlate with each other, with the former being around half of the latter. Our observations (Figure 11 ) agree with the correlation, but neither indicator is a reliable measure of bolometric extinction (Figure 9 ). Wang et al. (2016) similarly studied a subsample of 745 galaxies from the GAMA and Herschel Astrophysical Terahertz Large Area Survey (H-ATLAS) to test correlations between multiwavelength SFR tracers. Wang et al. (2016) derived SFRs using FIR, sub-mm, dust-corrected UV photometric data, and Hα emission line luminosities, the last two corrected 17 Faint Images of the Radio Sky at Twenty cmWhite, Becker, Helfand, & Gregg (1997) for attenuation using the Balmer decrement. Wang et al. found that UV data can be reconciled with the attenuationcorrected Hα SFR and their version of SFRtot (computed assuming η = 0.54; Eq. 7) after applying an attenuation correction based on IRX. In agreement with our results, Wang et al. showed that the UV spectral slope β is not a reliable attenuation indicator on its own. Wang et al. also found that the attenuation correction factor depends on stellar mass, redshift, and dust temperature but is independent of the Hα equivalent width and Sérsic index. To summarize, none of the colour-excess indicators we have tested can be considered reliable for general galaxy samples.
SUMMARY AND PROSPECTS
The main conclusion of our work is that for local galaxies, global SFRs can be derived consistently from radio continuum, FIR+UV, or 8.0 µm PAH emission with scatter 0.3 dex in SFR over four orders of magnitude in galaxy luminosity. In particular, the SFRS results confirm and quantify:
• For measuring SFR from 1.4 GHz radio observations, the preferred calibration is non-linear with a slope near the 0.75 value found also by Davies et al. (2017) .
• The distributions of SFRtot, non-linear SFR21.4 GHz, and SFRPAH show similar statistical properties. We have presented mutually consistent (within 5 per cent) calibrations for these measures of SFR.
• LFIR captures most of the emergent luminosity for most luminous (log L60 10.5 L⊙) galaxies and is therefore a good measure of their SFR. Lower-luminosity galaxies tend to have more of their emission in the UV, which is therefore needed to estimate their SFR. Different numerical prescriptions, such as adding SFRFUV or SFRNUV or using a bolometric extinction correction for the UV light, give statistically similar results.
• SFR estimates obtained from UV data alone are subject to large uncertainties in the extinction corrections. At fixed UV colour or spectral slope β, galaxies with LFUV < 5 × 10 9 L⊙ show a broad range in AFUV. Therefore the UV spectral slope is not a good measure of the correction needed, and extinction corrections based on UV colour may yield SFRFUV differing from the total SFR by up to 2 dex. In contrast, for galaxies with LFUV > 5 × 10 9 L⊙ or β < −1.5, LFUV corrected by extinction based on UV spectral slope (AFUV(β)) can measure SFR with rms scatter ∼0.24 dex.
The SFRS data also reveal:
• For galaxies with FUV − [3.6] 2, PAH luminosity underestimates SFR by up to ∼1 dex.
• The FIR-selected SFRS sample shows a surprising preference for η = 0 for obtaining SFRtot. In other words, when using LFIR to deduce SFR, accounting for dust heating by an older stellar population unrelated to current star formation is unimportant. The existence of the star-forminggalaxy main sequence and the sub-galactic main sequence (Maragkoudakis et al. 2017 , and references therein) suggests that at least part of the explanation is the close association between current star formation and the pre-existing stellar population. Much larger samples or better theoretical un-derstanding of the SFR tracers will be needed for accurate measurements of η.
• Dust temperature does not correlate with most measures of SFR, but there is a close relation between dust temperature and SFRPAH/SFRFIR. This needs to be explored in spatially resolved galaxies. 
Consistency
